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Original research been identified as a priority concern (10). However, no effective and culturally appropriate health programs for that population have been developed nationally. There is a need for good information to identify problems, develop policies, and implement programs related to this issue in Ecuador. The objective of this study was to provide some of the first data ever on cancer incidence among indigenous people in the Amazon basin of Ecuador, and to compare that incidence level with the level found among nonindigenous persons living in that same area.
POPULATION AND METHODS

Area of study
The study was carried out in the provinces of Sucumbios, Napo, Orellana, and Pastaza, which are situated in the eastern part of Ecuador ( Figure 1 ). The population of the four provinces numbered 356 406 in the year 2000. Of that total, 106 025 of them (29.7%) belonged to one of the eight indigenous groups in the area. The rest were nonindigenous settlers who moved there from Ecuador's coastal and highland regions (11).
The indigenous people live in small communities scattered along the rivers, and they make their living from hunting, fishing, and subsistence agriculture. The nonindigenous people arrived in the area in the 1970s along paths opened by petroleum companies. Approximately one-third of these nonindigenous people live in small villages, where trading and petroleumrelated services are the main activities. The other two-thirds live in rural communities and make their living from agriculture and cattle-raising
The physical infrastructure in the Amazon basin of Ecuador is poor. The majority of the inhabitants, including ones living in villages and in towns with up to 15 000 residents, lack electricity and piped drinking water. In each province there is a provincial hospital, and each county (cantón) has a health center. The hospitals have no histopathological services and no access to radiotherapy or chemotherapy treatment.
Cancer data
No cancer registry is available in the Amazon region of Ecuador. Suspected cancer cases are referred from these provinces to Quito, the capital. All cases diagnosed in Quito are registered in the National Cancer Registry (NCR) (12) . We used the NCR data for our study.
During the 1985-2000 period 1 207 cancer cases were reported to the NCR from the provinces of Sucumbios, Orellana, Napo, and Pastaza. The NCR information includes the patient's name, gender, age at diagnosis, cancer site, histology (according to the 10th International Classification of Diseases), year of diagnosis, residence at diagnosis, and education. Approximately 97% of the cases are confirmed histologically, hematologically, or cytologically.
Population data
We used population estimates from the four provinces for the year 1993 that included information on gender and ethnicity (indigenous vs. nonindigenous). These estimates were made by the National Institute of Statistics and Census (NISC), based on the 1990 National Census (13). Data on age distribution were not available. 
Ethnicity
The NISC defined an individual as being indigenous when that person could speak an indigenous language. For our study, local experts assigned ethnicity for individual cancer cases after a careful visual inspection of their two family names (that is, the surname from the father and the surname from the mother). When a person had two indigenous family names, that individual was considered as indigenous. Of the 1 207 cancer cases, 10 of them (0.83%) were excluded because they had just one indigenous family name.
Statistical analysis
We calculated the frequency of sitespecific cancers by ethnicity and by gender. We also calculated relative risk (RR), along with the 95% confidence interval (CI), for the indigenous persons and the nonindigenous persons by gender. Table 1 presents the distribution of cancers by site for the indigenous and nonindigenous persons who were diagnosed with cancer between 1985 and 2000. There were 48 cases among the indigenous men and 62 cases among the indigenous women. For indigenous men, cancer of the testes (10.4%) and leukemia (10.4%) were the most common cancer types. Cancers of the penis (8.3%), stomach (8.3%), liver (6.3%), and lymph nodes (6.3%) next followed in frequency.
RESULTS
Among nonindigenous men, cancer of the stomach (21.7%) was the most frequently diagnosed cancer. Leukemia (12.1%) and cancer of the lymph nodes (10.5%) were also common. Nonindigenous men had a higher frequency of skin cancer (9.6% versus 4.2% among indigenous men) and prostate cancer (7.8% versus 4.2% among indigenous men).
For indigenous women, cancer of the cervix uteri (22.6%) was the most common cancer diagnosed. Next in frequency were leukemia (14.5%), skin melanoma (6.5%), and stomach cancer and colon cancer (both 4.8%). In nonindigenous women, cancer of the cervix uteri (28.7%) was also the most common form of cancer. Nonindigenous women had a higher frequency of breast cancer (8.5%) than did indigenous women (1.6%). Stomach cancer (6.6%) and leukemia (6.2%) then followed in frequency for the nonindigenous women. The relationship between invasive and in situ cancer uteri was 4.7:1 among indigenous women and 2.1:1 among nonindigenous women.
Cancers of the esophagus, pancreas, larynx, and kidney were not diagnosed among either indigenous men or women, but they were found in the nonindigenous group. Figure 2 shows the distribution of overall cancer frequency among the men studied, classified by age group and ethnicity. Figure 3 provides similar information for the women. Noticeable peaks were found in indigenous men and in indigenous women in the age group of 15-44 years and in nonindigenous men more than 60 years old. 
DISCUSSION
The cancer data that we have presented here provide preliminary baseline information on site-specific relative frequency and the relative risk of cancer among indigenous populations of the Amazon basin of Ecuador.
Some limitations in the data need to be considered. Because of the geographical and socioeconomic difficulties that indigenous persons and nonindigenous persons in the Ecuadorian Amazon have in accessing adequate health care, cancer rates may be underestimated in both of those groups, but especially in the indigenous group. In addition, it is difficult for indigenous people to travel to Quito, the capital, where they could be diagnosed. This is because of the high costs involved and also the fear of leaving the family for an unknown, and often untrusted, environment.
Methods of ascribing ethnicity are inevitably prone to error. The NISC designation of persons as being indigenous is based on their self-reported knowledge of an indigenous language. In addition, the National Cancer Registry does not differentiate by ethnicity. Although the local experts designated ethnicity to an individual person rather than a small geographical area, some misclassification may have occurred.
The lack of information on age distribution in the indigenous population and the nonindigenous population made it impossible to adjust for differences; however, it is believed that both groups have a similar age distribution.
There were some notable differences between the indigenous and nonindigenous groups in the frequency distribution and relative risks of cancer. The frequency pattern of cancer found in the nonindigenous population in the Ecuadorian Amazon resembles the distribution in the Quito population, in both men and women (12) . In Quito the most frequent cancer sites in men are Original research San Sebastián et al.
• Cancer among indigenous people in the Amazon basin of Ecuador the prostate, skin, stomach, hematopoietic system, and lung. In women the most frequent sites are the cervix uteri, breast, skin, and stomach (12) . The high relative frequency of cancer among indigenous men 15-44 years old is explained by the high proportion of cancer of the penis and testes. The reason for these high rates among the indigenous men is not clear and needs to be further explored. A study on the Yanomami indigenous group in Venezuela's Amazon area described a high incidence of penis cancer and testes cancer. This was attributed to certain cultural practices such as the use of a penis foreskin string (14) . The peak in frequency in nonindigenous men 60 and older is explained by a relatively high frequency of stomach and prostate cancers, which are almost inexistent in their counterparts in the indigenous population.
The low risk for stomach cancer among indigenous persons may be attributed more to nutritional habits than to alcohol intake, which is high among both the indigenous and nonindigenous populations. In general, indigenous people have a diet based on hunting, fishing, and subsistence agriculture, while nonindigenous people are more exposed to a Western-style diet. In the Ecuadorian Amazon a high incidence of stomach cancer has been reported in areas where oil exploitation occurs (15) . Nonindigenous persons have suffered more from oil pollution, which could also explain part of the excess that we found in this study. Cigarette smoking is not common in these two populations, and there was a low frequency of lung cancer in both of them. The lower relative risk of skin cancer among indigenous persons might be explained by their having a higher concentration of skin melanin and thus better protection from the tropical climate.
Interestingly, breast cancer was common among nonindigenous women, but only one indigenous woman had been diagnosed with this type of cancer. The reasons for this difference are unknown. As in other developing countries, cervical cancer was the most common of all malignancies among women in the Amazon basin of Ecuador (16) . When comparing the invasive/ in situ relationship for women in the Amazon basin to that for women living in Quito (which is 1.65/1), the relationship was higher among women living in the Amazon basin. This was particularly true for the indigenous group (12) . A prompt diagnosis of cervical cancer in situ usually prevents development to the invasive stage. These results suggest that in the Amazon region the diagnosis was made very late. A high prevalence of cervical conditions among indigenous populations in the Amazon basin of Brazil has been reported (4), with 1% of the women studied presenting with invasive carcinoma and 3% presenting with premalignant lesions. In addition, 84% presented with inflammatory atypia, resulting from sexually transmitted genital infections (4) .
Our data from the Ecuadorian Amazon indicate several possible directions for future research. First, there is a need to develop appropriate mechanisms to register the indigenous population in the national census as well as in the National Cancer Registry. Second, research should focus on factors that may help to explain the different cancer patterns that the indigenous and nonindigenous groups have.
The public health implications of our findings are readily apparent, given 
